DOZOIS, TITTSLER, LISSE AND DAVEY irradiation with ultraviolet rays, are produced by a very specific range of wave lengths, and that rays of either longer or shorter wave lengths are less active. In this connection, however, it should be noted that Bovie (1916) showed that the SChumann rays are more reactive than the longer ultraviolet rays. Warren (1928) , in a review of "The Physiological Effects of Roentgen Radiations upon Normal Body Tissue" called attention to the injurious effects of these radiations upon body tissues, cell structures and life processes, and also noted that "it has been pointed out by many authors that these rays must be absorbed in order to be effective." Thus, it would seem that the injurious effects upon bacteria which have been noted by many workers must have been caused by absorbed radiations. This made us believe that if x-rays are absorbed by bacteria they may produce changes simlar to those produced by ultraviolet irradiation.
The purpose of this investigation was to test the hypothesis advanced above by a direct determination of the effects of "low voltage" x-rays upon the electrophoretic migration velocity, viability, and pH of an aqueous suspension of Esch. coli.
So far as we are aware the literature contains no direct reference to the effect of x-rays upon the electrophoretic potential of bacteria. However, Fiorirni and Zironi (1914) stated that the agglutinability of typhoid bacilli was not modified by x-rays.
This would suggest no change in the electrophoretic potential according to the reports of two of us, Tittsler and Lisse (1928) and Lisse and Tittsler (1931) .
The effects of x-rays upon the viabilityand physiological behavior of bacteria, and other microorganisms, have been studied extensively since Minck (1896) reported that typhoid bacilli were not injured by low voltage x-rays. The experimental methods and results of the early investigations have been reviewed thoroughly and adequately by Russ (1906 ), Kl6vekorn (1925 and Trillat (1927) . The results of these studies differed greatly. Although some observers reported retarded growth, suppression of certain physiological characteristics such as pigment production, and even marked lethal action, there were many others who found that x-rays had little, if any, effect upon bacteria.
It would appear that x-rays either interfere with the growth and normal development of bacteria and yeasts, or produce a decided lethal effect according to many of the recent reports among which are those by Lacassagne (1928) , Holweck (1929) , Clark and Boruff (1929) , Pauli and Sulger (1929) , Holweck and Lacassagne (1930) , Ellinger and Gruhn (1930) , Wyckoff (1930a and 1930b) and others. However, Beckwith, et al. (1930) reported that the bacteria were not killed in their experiments. Curie (1929) and Glocker (1931) have discussed the bactericidal action of x-rays from the quantum standpoint.
TECHNIQUE
Preparation of the suspension. The strain of Esch. coli used in the previous study of the effects of ultraviolet irradiation and which gave practically constant electrophoretic migration velocities during two years was used in this investigation. The cultures were grown on proteose-peptone agar slants of approximately pH 6.8 for twenty-four hours at 37°C. The twenty-four hour period of incubation was chosen because Shibley (1924) showed that the quantity of charge varied until the culture was about eighteen hours old, after which it remained rather constant. The growth was removed with a small volume of distilled water by a gentle rotary movement of the culture tube. This suspension was filtered through cotton, centrifuged at about 3,000 r.p.m. for one hour and the cells resuspended in distilled water. The washing was repeated twice more as advocated by Northrop and DeKruif (1922) . A very concentrated suspension was prepared for irradiation as the structure of the x-ray apparatus did not permit the use of a large volume at one time. After irradiation the contents of six celluloid exposure cells (described below) were pooled and diluted to an arbitrary standard, using distilled water. The control suspensions were prepared by diluting a portion of the concentrated suspension in exactly the same ratio as the irradiated sample. Colorimetric measurements showed that the pH of the suspensions was approximately 6.2.
X-ray apparatus and technique. The source of the x-rays was a water cooled molybdenum target Coolidge tube mounted in the DOZOIS, TIT1'SLER, LISSE AND DAVEY General Electric x-ray diffraction apparatus, (Davey (1921 and 1922) ). The tube was operated as a self-rectifying tube at 30 K.V.R.M.S. The discharge current varied from 35 to 45 milliamperes. This current was read every minute so that the total radiation dose, expressed as the product of discharge current times time, could be expressed in milliampere-minutes at 30 K.V.R.M.S. at 15.2 cm. distance (Mo target). No filters were used.
Exposure cells of approximately 50 by 10 by 3 mm. were made by forming a box of celluloid about the end of a piece of glass. These cells were very transparent to the radiation, and the shape gave as great and as uniform exposure to this radiation as was practicable. When filled with the aqueous suspension of bacteria, the cells were mounted at the lower openings of the x-ray apparatus and the protective door was closed as far as possible. Each cell, therefore, was irradiated by the direct rays from the Coolidge tube. The x-ray dosage (see Lisse and Tittsler (1931) . In that case there was a marked change in electrophoretic velocity, a decided lethal effect, Iysis and increase in the pH of the suspension.
The consistent electrophoretic velocities of controls (table 2) are in harmony with unpublished data obtained during two years and also with the recent report by Chapman (1929) .
DISCUSSION
The changes in the electrophoretic migration velocity which accompanied the lethal effect of ultrav'iolet radiations suggested that if x-rays kill bacteria they should also produce changes in the migration velocity. On the contrary, if x-rays do not affect the electrophoretic migration velocity, no injurious or lethal effects should be expected in view of our hypothesis that injury and death are accompanied by changes in the migration velocity. The latter assumption is supported by the results of this investigation which show very clearly that neither migration velocity nor -viability were affected. This does not exclude the possibility that these rays may produce changes in the migration velocity under experimental conditions which kill bacteria.
The fact that many investigators found injurious or lethal effects produced by x-rays while others, including ourselves, failed to detect any such effects indicates differences in experi-DOZOIS, TITMLER, LISSE AND DAVEY mental conditions. The literature shows that both biological and physical conditions have varied considerably from one investigation to another. The cultures used may have varied in sensitivity due to differences in both the nutritive medium and the period of incubation. The environmental conditions under which the bacteria were irradiated have also differed greatly since broth cultures, freshly inoculated agar plates and saline or water suspensions have been used. Undoubtedly the differences in quality and quantity of x-rays used have contributed greatly to the differences in the effects. However, in many instances little if any information was given concerning either the quality or intensity of rays emitted. Such variations render a comparison of the various investigations impossible. In view of the differences between the experimental conditions of the various investigations it is not surprising that different results have been obtained.
Using Mo rays at 34 to 38 K.V.R.M.s., Wyckoff (1930b) found that a measureable proportion of B. coli was killed by doses of about one one-hundredth the amount which we found ineffective. Apparently there were only two important differences between his experimental conditions and ours. First, he irradiated organisms immediately after they were spread on the surface of agar, while we irradiated an aqueous suspension. Secondly, he used an x-ray tube having a Lindemann window which transmitted not only characteristic Mo-K rays but also very long and easily absorbed rays, while we used an x-ray tube made of the commercial type of glass. Even if the glass of our tube had permitted the passage of the extremely long rays they would have been absorbed by the first layers of the water suspension and therefore rendered practically ineffective. Wyckoff obtained very similar results with silver, copper, chromium and molybdenum targets in the x-ray tube, and the use of an Ag target gave almost identical results in the same time of exposure irrespective of whether he Ag-K rays in addition to the continuous spectrum). Therefore, we are tempted to assume that the Ag-K and Ag-L rays were no more effective than our Mo-K rays and that the lethal effect was due entirely to the long wave lengths of the continuous spectrum transmitted by the Lindemann window and absorbed by the bacteria on the agar surface.
There is also the possibility that the agar was influenced by the radiation in such a manner that the bacteria were affected by some secondary action which was not produced in our aqueous suspension. We are inclined to discount this possibility but do not believe that it can be entirely discarded. Further experiments are contemplated to test this point. 2. During this and other investigations, the electrophoretic migration velocity of E8ch. coli remained constant for over two years.
3. Using the total radiation from a Coolidge 
